Studies were conducted to evaluate the effect of early weaning steer calves on BW gain, feedlot performance, and carcass characteristics in two herds located in the Northern Great Plains, USA. Steer calves from predominantly Angus Â Hereford dams were stratified within dam age and calving date (Fort Keogh Livestock and Range Research Laboratory (LARRL), Miles City, MT, USA; n¼354) and randomly assigned to one of three weaning treatments. In addition, steer calves from Angus and Angus Â Simmental dams (n¼ 200; Judith Gap (JG), MT, USA) were stratified within breed group by age, calving date, and AI sire. Steer calves either remained with their dams until normal weaning (NW) at approximately 213-d of age or were early weaned at approximately 80-d of age onto one of two early weaning (EW) diets. Steer calves assigned to EW treatments received one of the following diets: (1) 17.5% CP (69% RDP and 7.53 MJ/kg NEm); or (2) 17.5% CP (57% RDP and 7.69 MJ/kg NEm). At time of normal weaning all LARRL steers were gathered and brought into pens at LARRL and held for 22 (2005) or 28-d (2006) before being sold to a commercial feedlot. Sire-identified steers from JG were sent to the University of Illinois for a finishing trial following a 28-d holding period. Steers that were EW were heavier (Po0.01) at time of normal weaning and entered the finishing phase in greater BW (Po0.01) than NW steers in both LARRL and JG studies. Age at harvest was similar for all LARRL steers (P¼ 0.79) regardless of weaning treatment whereas sire-identified JG steers that received EW treatment were harvested at a younger age (Po0.01) than NW steers. Sire-identified steers from JG that received EW treatments received better USDA quality grades (P¼0.05; upper 2/3 choice or better) than NW treated steers (Po0.01; lower 1/3 choice). Results from the present studies strongly support the concept that early-weaned steers reach maturity sooner during the finishing phase. However, if early-weaned steers are not identified prior to entrance into the feed yard and harvested at the same time as normal weaned calves of similar genetics and age, then earlyweaned steers may be subject to undesirable USDA yield grades (4 or greater).
Introduction
For extensive arid and semi-arid livestock production systems, timing and amount of precipitation are crucial for growth of grasses (Grings et al., 2005; Heitschmidt et al., 1995 Heitschmidt et al., , 1999 . Furthermore, as season's progress, temperatures increase, and precipitation events decline, decreases in forage quality and quantity can have a very negative influence on livestock production (Adams and Short, 1988; Waterman et al., 2007) . Variation in forage quality and quantity can influence milk production and calf gains (Neville, 1962; Rutledge et al., 1971; Robison et al., 1978) . Steers weaned at 70-150 d of age exhibited improved average daily gain (ADG) and are subsequently heavier at more traditional weaning times around 205 d of age (Fluharty et al., 2000; Myers et al., 1999b; Neville and McCormick, 1981; Story et al., 2000) . In addition, a greater percentage of early weaned steers graded in the upper 2/3 of USDA choice or higher than weaned steers finished on similar diets (Myers et al., 1999a) . Therefore, the objectives of this study were to evaluate growth and finishing performance in steers weaned at a younger age (79.870.77 d of age) and provided dietary protein differing in proportions of ruminally degradable (RDP) and undegradable protein (RUP) compared to steers managed with their dams until a more traditional weaning age (approx. 213-d postpartum). Additionally, steers receiving a lesser amount of RDP but the same amount of dietary crude protein should improve or accelerate lean tissue growth. This research supports previous finding on the performance of early weaning on cow production (Waterman et al., 2012a) and heifer development (Waterman et al., 2012b) in the Northern Great Plains, USA. After normal weaning, steers were relocated to a commercial feed yard or sent to the University of Illinois, Urbana, IL, USA, research facility and finished prior to harvesting. Steers were evaluated for BW gain, concentrations of serum metabolites through normal weaning, finishing performance, and carcass characteristics.
Material and methods

Study sites
The study was conducted in two locations of the Northern Great Plains, USA. One site was the United States Department of Agriculture (USDA), Agricultural Research Service, Fort Keogh Livestock and Range Research Laboratory (LARRL) located approximately 1.6 km west of Miles City, MT, USA (46122 0 N 10515 0 W), at an average elevation of 730 m. The second site was in Central Montana, approximately 5 km northeast of Judith Gap (JG), MT, USA (46141 0 N 109145 0 W), at an average elevation of 1270 m. Additional descriptions of each site are described in Waterman et al. (2012a,b) .
Animals, measurements and management
Early weaning at LARRL
The LARRL Institutional Animal Care and Use Committee approved all animal handling and experimental procedures utilized in the present studies. 
Early weaning JG
Steer calves born in 2005 from Angus and Angus Â Simmental dams at the JG location were stratified within breed by age, postpartum interval, and AI sire and were assigned within strata to one of three weaning treatments. Steer calves (n ¼200 and 78.271.20 d of age) either remained on their dams at time of NW (n ¼64) or were early weaned and received EW-69 (n ¼68) or EW-57 (n ¼68) experimental treatments (Table 1) . Steer BW was recorded and blood samples collected at time of early weaning (May 9, 2005; day 80) and again at normal weaning (September 19, 2005; day 213 ). Blood samples were handled the same as previously described.
Growing and finishing JG
At time of normal weaning all steers (EW and NW) were gathered and placed into pens at JG. Steer calves were allowed to settle in drylots for 28 d prior to being shipped to one of two finishing facilities. Prior to shipping 19 steers were culled based on management decisions. On October 18, 2005 sire identified steers (n ¼108; n ¼33, 36, and 39 respectively for NW, EW-69 and EW-57) were shipped to the University of Illinois, Urbana, IL 61801, USA, while the remaining non-sire identified steers (n ¼73; n¼ 25, 24, and 24, respectively for NW, EW-69 and EW-57) were sold and sent to a commercial feeder near Torrington, WY 82240, USA, for finishing. Sire identified steers received ultrasound measurements of longissimus muscle area and adipose deposition every 28 d and assigned to harvesting groups based on adipose deposition in an effort to optimize end point body composition. Steers finished at University of Illinois were harvested in three groups; (1) March 23, 2006 (134-d on feed); n ¼15, 33, and 32, respectively for NW, EW-69 and EW-57), (2) April 20, 2006 (162-d on feed); n ¼12, 3, and 6 respectively for NW, EW-69 and EW-57, and (3) May 11, 2006 (183-d on feed); n ¼6, 0, and 1, respectively for NW, EW-69 and EW-57 at a commercial abattoir (Tyson, Joslin, IL 61254, USA). Carcass measurements and quality grades were assigned by a research team from the University of Illinois following a 24-h chill as previously described by Myers et al. (1999b) . Steaks were collected from each sire identified steer and sent to Kansas State University, Manhattan, KS 66506, USA, for Warner-Bratzler shear force measurements (Wheeler et al., 1998) . The remaining non-sire identified steers from JG were purchased and fed at a commercial feeder and harvested at a commercial abattoir (National Beef, Dodge City, KS 67801, USA) on May 24, 2006, after 197-d on feed (data not presented).
Serum metabolites
Serum samples were obtained to evaluate differences in metabolism due to weaning assignment to treatment at time of early weaning. Serum metabolite concentrations were analyzed in duplicate using commercially available kits to measure glucose via the glucose oxidase method (Kit TR15321; Thermo DMA, Louisville, CO, USA; endpoint with a 4.3% intraassay CV and 7.9% interassay CV), urea-N via the urease method (Kit TR12321; Thermo DMA, Louisville, CO, USA; endpoint with a 3.4% intraassay CV and 5.5% interassay CV), and non-esterified fatty acids (NEFA; ACS-ACOD method; Wako Chemicals USA, Inc., Richmond, VA, Cat. No. 994-75409; endpoint with a 5.5% intraassay CV and 7.65 interassay CV). Serum insulin concentrations were measured in duplicate using solid phase 125 I-insulin RIA (Coat-a count kit, Diagnostic Products Inc., Los Angeles, CA, USA). The insulin assay had a 3.5% intraassay CV and a 9.1% interassay CV with 102% recovery.
Statistical analysis
Normal and early weaned steer performance and metabolite data were analyzed using the MIXED procedure in SAS (SAS Inst. Inc., Cary, NC, USA) with a model that included weaning treatment (NW, EW-69, and EW-57) with pen (JG) and pen within year (LARRL) included in the RANDOM statement. Average daily gain from birth to time of early weaning was used as a covariate. Two preplanned single degree of freedom estimates were constructed to separate least squares means due to weaning treatment: (1) NW vs. EW to evaluate dietary influences between weaning treatments; and (2) EW-69 vs. EW-57 to evaluate early weaning diets differing in the proportions of RDP. TukeyKramer adjusted least squares means was computed and was set at Pr0.05.
Finishing performance were analyzed for steers using the MIXED procedure in SAS (SAS Inst. Inc., Cary, NC) with a model that included weaning treatment (NW, EW-69, and EW-57). The RANDOM statement of SAS was used and included year for LARRL steers. Average daily gain from birth to time of early weaning was used as a covariate. Two preplanned single degree of freedom estimates were constructed to separate least squares means due to weaning treatment: (1) NW vs. EW to evaluate dietary influences between weaning treatments; and (2) EW-69 vs. EW-57 to evaluate early weaning diets differing only in the proportions of RDP. Tukey-Kramer adjusted least squares means was computed and set at Pr0.05.
Calculated USDA yield grades (YG) and quality grade (QG) marketing categories (e.g., USDA Prime; upper 2/3 USDA Choice; lower 1/3 USDA Choice; USDA Select; USDA Standard; and USDA No Roll) were computed for main effects of weaning treatment and were compared using w 2 using the PROC FREQ procedure in SAS (SAS Inst. Inc., Cary, NC) to determine the frequency distribution of YG and QG.
Results
Early weaning
LARRL
Steer BW at time of early weaning were similar for weaning treatment (P¼0.93). However, BW at time of normal weaning were greater (Po0.01) for early weaned steers than normal weaned steers ( Table 2 ). The change in BW over the 133-d period from time of early weaning to normal weaning resulted in early weaned steers gaining 18.9 kg more than normal weaned steers (P o0.01). Feed:gain for LARRL early weaned steers was 5. 56 and 5.96 (2005) and 5. 35 and 5.35 (2006) , respectively for EW-69 vs. EW-57.
Serum metabolites at time of early weaning were similar for LARRL steers (P40.63; Table 3 ). Serum metabolites at time of normal weaning were similar for serum glucose (P¼0.54), however, serum insulin (P¼0.03) and urea N (Po0.01) concentrations were different between weaning treatments. Serum insulin and urea N were greater in early weaned steers (P¼0.01 and Po0.01, respectively) compared to normal weaned steers. In addition, NEFA concentrations were greater in NW steers that EW steers (P¼0.05) at time of normal weaning. Changes in serum metabolites over the 133-d test period resulted in increased serum concentration of glucose (P¼ 0.01), insulin (Po0.01), and urea N (Po0.01) and a tendency for NEFA concentrations to decrease (P¼0.09) for steers receiving the early weaning treatment compared to normal weaned steers. Type of protein delivered in the ration of early weaned steers resulted in similar metabolite concentrations changes throughout the 133-d period (P40.19).
JG
On test BW for steers were similar for weaning treatments (P¼0.93), however, ending BW at time of normal weaning differed (Po0.01) between treatments (Table 4) . Early weaned steers gained 26.9 kg more (Po0.01) than NW steers. Feed:gain for JG early weaned steers was 4.83 and 4.75, respectively for EW-69 vs. EW-57.
Serum metabolites at time of early weaning were similar for both NW and EW steers at the JG location, however EW steers had greater (P¼0.05) urea N concentrations than NW steers (Table 5) . At time of normal weaning, there were no differences in serum glucose (P¼0.57), insulin (P¼0.53), or NEFA (P¼0.39), however, serum urea N concentrations for EW steers were greater (Po0.01) compared to NW steers. Only urea N concentrations changed during the 133-d test period and was greater for EW steers (Po0.01) compared to NW steers. Other than these changes described for urea N type of protein delivered in early weaning diets had no effect (P40.29) on serum metabolites concentrations throughout the 133 d period between early and normal weaned steers at the JG location.
Finishing
LARRL
At the onset of the finishing phase, BW was greater (Po0.01) for EW steers compared to NW steers (Table 6) . Since all steers were placed in a common feed yard pen and managed as a single herd, age of harvest was similar for all EW and NW steers at LARRL (P ¼0.79). Hot carcass weight differed between treatments (P¼0.03) and was greater for EW (P¼ 0.02) compared to NW steers.
Measurements of longissimus muscle area, back fat, and kidney, pelvic and heart fat were similar (P40.24) between EW and NW steers, however, yield grade was different between treatments (P¼0.03) and tended (P¼0.06) to be greater for EW steers compared to NW steers and was greatest for EW-57 steers compared to EW-69 steers (P¼0.05). Marbling score tended to differ (P¼0.08) between treatments and was greater (P¼0.03) for NW than EW steers. Early weaning treatments tended to increase the proportion of steers with yield grade 5 (P¼0.08) and USDA standard (P¼0.07) quality grade at harvest (Table 7) .
During the second year (2006 born steer calves) of this study, steers were given an ultrasound following 100-d on feed at the commercial feed yard and BW differed (Po0.01) between weaning treatments. Steers that received the EW treatment were still heavier (P o0.01) than NW steers (Table 8) . However, BW gain following 100-d on feed was greater (Po0.01) for NW steers than EW steers. Longissimus muscle area (Po0.01) and back fat (P ¼0.04) were greater for EW steers compared to NW steers. Marbling score was similar between treatments (P¼0.29).
JG
At the onset of the finishing phase for JG steers, BW for sire-identified steers fed at University of Illinois was greater for EW steers (P o0.01) compared to NW steers (Table 9 ). Early weaned steers had greater back fat and marbling (Po0.01) than NW steers based on ultrasound measurements obtained at the onset of finishing. Following 112-d on feed, BW for EW steers remained greater (Po0.01) compared NW steers, however, gains from receiving to 112-d on feed were similar for all weaning treatments (P ¼0.44). Ultrasound measurements obtained at 112-d on feed showed greater back fat (Po0.01) and marbling score (Po0.01) for EW steers compared to NW steers.
Ultrasound measurements were used to identify steers that had reached optimal finishing for desirable retail cuts. Sire identified steers at JG that received EW treatments were younger at harvest (P o0.01) and had fewer days on feed (Po0.01) compared to NW steers (Table 9) . Harvest BW was greater for EW steer than NW steers (Po0.01). Total gain, daily dry matter intake (DMI), gain:feed ratio was not influenced by weaning treatment (P40.30). Hot carcass BW was greater (Po0.01) and dressing percentage was less (P¼0.01) for EW steers receiving compared to NW steers. In addition, back fat, yield grade, and marbling score were greater for EW steer compared to NW steers (Po0.01). Warner-Bratzler shear force measurements for steaks were not different between weaning treatments (P¼ 0.26). Again, type of protein delivered in the early weaning rations resulted in similar production or carcass measurements for the finishing phase (P40.20). A greater proportion (Po0.01) of NW steers produced a yield grade 2 carcass and a greater (Po0.01) proportion of EW steers produced a yield grad 3 carcass (Table 10) . However, more (P¼0.05) EW steers graded in the upper 2/3 choice and more (Po0.01) NW steers graded in the lower 1/3 choice.
Discussion
Early weaning
Steer birth BW and ADG from birth to time of early weaning was similar at the two study sites (LARRL and JG). Steers that were early weaned and received diets higher in TDN and CP (regardless of protein source) gained more weight than their herdmates that remained on their dams as reported previously (Barker-Neef et al., 2001; Blanco et al., 2009; Fluharty et al., 2000; Myers et al., 1999a; Neville and McCormick, 1981) . Early weaning diets in the present study were formulated to provide equal amounts of CP, but differ slightly in site of protein digestion (rumen vs. abomasum). Form of supplemental protein in early weaning diets did not influence growth performance showing that sufficient metabolizable protein reached the small intestine in each diet.
Finishing
Ultrasound carcass characteristics at 100-d on feed for LARRL steers and 112-d for JG steers revealed that back fat was greater in EW steers than for NW steers. Calculated marbling scores at 100-d on feed were similar for LARRL steers regardless of weaning treatment whereas JG steers at 112-d on feed gave higher marbling scores from steers that received EW treatments. We interpret this data to indicate that LARRL steers from the EW treatments may have been closer to harvest than NW steers and to take advantage of marketing categories (USDA quality grade) steers need to be harvested sooner than normal weaned calves. Consideration should be given to the genetic differences of the two sources of steers (LARRL vs. JG) used in these experiments as to how they may influence marbling.
Age at harvest was similar for all weaning treatments for LARRL that were sent to commercial feed yards. These increased days on feed may have caused LARRL steers to receive yield grade 3 and greater scores for the EW treatments which also influences quality grades. More of the EW steers from JG that were fed at the University of Illinois research facility and subjected to 28 d ultrasound measurements to determine optimal harvest date were harvested in the first and second harvesting dates than NW steers. Thus, steers that were early weaned had fewer days on feed and harvested at a younger age than NW steers. Early weaned steers also had more back fat, higher yield grade and marbling scores than NW steers. As a result, JG steers that were sent to the University of Illinois research facility had a higher percentage of steers with yield grades 2 and 3 and received greater quality grades with the majority of steers grading in the upper 2/3 of USDA choice grade or better.
In conclusion, results from the present studies strongly support that early weaned steers achieve optimal finishing status at a younger age. However, early weaned steers need to be identified as early weaned prior to entrance into a feed yard so they are not fed and harvested as normal weaned steers. We demonstrated that early weaned calves fed like normal weaned calves of similar genetics and age will probably produce less desirable carcasses that result in discounts. Lastly, early weaned steers that received an ultrasound measurement every 28-d greatly improved their opportunity to be harvested at an optimal point to produce a favorable yield grade and quality grade.
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